SUMMARY The quantification of gastric, pancreatic, biliary, and small bowel functions in man often requires the use of intestinal tubes. In this study, the presence of a transpyloric tube did not alter gastric emptying, acid secretion, or serum gastrin levels in response to an ordinary solid meal.
emptying of saline. The present study was designed to determine whether a duodenal tube affects the rates of gastric emptying, acid production, and serum gastrin response following the ingestion of an ordinary solid meal.
Methods
Each of five healthy men (ages 22 to 33 years) was studied twice. On one day a triple-lumen tube (total outside diameter, about 4 mm) was positioned fluoroscopically, as if duodenal perfusion were planned, with its tip at the level of the angle of Treitz (Go et al, 1970) . In addition, a single-lumen gastric sump tube (16 F) holes was positioned with its tip in the antrum. On another day and in randomized order, both tubes were positioned in the antrum (fig 1) . Volunteers were not aware of the position of the tubes since the time spent for intubation was intentionally the same on both days.
Each procedure commenced at 07.00 after an overnight fast. After the tubes had been placed, the volunteer assumed a sitting position in bed, which he maintained until the end of the study. Continuous gastric aspiration (-40 mm Hg), assisted by manual suction, was conducted for one hour to establish the basal secretory rate of acid. The subject then ate a standardized meal of 90 g (uncooked weight) of ground tenderloin steak seasoned with 0.1 g of salt, 25 g of white bread with 8 g of butter, and 60 g of vanilla ice cream with 35 g of chocolate syrup. Also he drank one glass of water (240 ml After the meal a 10-ml sample of gastric contents was collected every 10 minutes for determination of marker concentrations, pH, and acid concentration. Complete aspiration of gastric contents was done at a different time in each subject (one, one and a half, two, two and a half, and three hours, respectively, after the meal). The time interval was the same in every pair of studies, with and without the transpyloric tube. When the stomach appeared to be empty, it was lavaged with 200 ml of isotonic saline and aspirated again so that the residual volume could be estimated from the recovered marker. Blood samples (10 ml) were obtained for gastrin assay at 30-minute intervals twice before the meal and again, beginning 15 minutes after it was served, until the end of the study.
To determine the volume of solid food in the stomach at the end of the study, the aspirated gastric contents were centrifuged for 10 minutes at 526.5 g and the fraction of solid matter was measured. The total titratable acid concentration in gastric aspirates was determined by titration with 0.05 N NaOH to pH 6.0 (meal pH). The PEG 4000 concentration was measured by the method of Hyden (1955) (Sizemore, Go, Kaplan, Sanzenbacher, Holtermuller, and Arnaud, 1973) .
Results
The total volume of gastric contents and the volume of solid food at the time of complete aspiration were not altered significantly by the presence of the transpyloric tube (fig 2a and 2b) .
Gastric marker concentrations measured sequentially after the meal are shown in figure 3. The curves are similar regardless of tube position; however, in several subjects the marker dilution is consistently greater or consistently less with the transpyloric tube. The differences appeared to be greater for larger marker concentrations.
Mathematical analysis of the data was done to provide a more quantitative assessment of the similarity of values between members of each pair of studies. 'Relative difference' was defined as 100 x (measurement with tube minus measurement without tube) divided by (average of these two measurements). For each subject, the mean of the relative differences (MRDi) was calculated. This procedure was used also for the pH, titratable acid, and serum gastrin (table) .
There was occasionally a considerable variation in a subject's response, but the differences between subjects were often in the opposite direction. When the responses of the five subjects were averaged, and subjected to F-test analysis (Dixon and Massey, 1969) no significant difference in gastric marker concentration, pH, titratable acidity, or serum gastrin levels was attributable to the transpyloric tube.
Discussion
Although mathematical models have been established for emptying liquid meals (Hunt and Spurrell, 1951; Hopkins, 1966) , no predictable profile has been determined for solid meals. Therefore, we measured the intragastric volume (total and solid) at different intervals after ingestion of the meal. We preferred a direct measurement of the volume of gastric contents to the indirect dilutional technique of George (1968) solid food in the stomach in terms of volume rather than as weight, because we presumed that volume was the more important determinant in gastric emptying mechanisms.
Similar volumes of gastric contents were found at various aspiration times, with and without the duodenal tube. Also, the volume of solids remaining in the stomach was similar in each individual. Thus we concluded that the transpyloric tube did not influence the rate of gastric emptying of meals. In addition, the intragastric pH and titrable acid concentrations measured sequentially during the postprandial period remained unchanged, suggesting that the total buffer content of the stomach was not affected. This observation provides further evidence, since meat protein was the main buffer, that the rate of emptying of solid food remained unaltered. Intragastric marker concentrations monitored throughout the observation interval were similar in each pair of studies suggesting that the gastric secretory response to food was also not influenced by the transpyloric tube.
The serum gastrin response to the meal, like gastric secretion and motility, was unchanged by the duodenal tube. Assuming that serum gastrin levels are related to gastric as well as to duodenal gastrin release (Stern and Walsh, 1973) , our data suggest that release of the hormone at these sites is not influenced by a transpyloric tube.
These observations are relevant to the study of human digestive function in health and disease. Indeed, it has become apparent that simultaneous quantifications of duodenal events (amounts of gastric secretions actually delivered into the duodenum, intraluminal pH, etc) are important in the evaluation of gastric function under physiological or pathophysiological conditions. Further, an even better understanding of the digestive process in the upper gut in man requires characterization of the coordinated actions of the stomach, gallbladder, pancreas and small bowel. Thus, current efforts in characterization of the digestive-absorptive sequence of ingested food in man are being carried out employing a transpyloric tube (Brunner et al, 1974; Moberg, 1974; Johansson, 1974) . Our studies show that such tubes do not significantly interfere with gastric responses to an ordinary, solid meal, thus facilitating the application of advanced methodology to the study of digestion in man.
